Purpose Determine the relationship between diet and metabolic abnormalities among adult survivors of childhood acute lymphoblastic leukemia (ALL). Methods We surveyed 117 adult survivors of childhood ALL using the Harvard Food Frequency Questionnaire. Physical activity energy expenditure (PAEE) was measured with the SenseWear Pro2 Armband. Insulin resistance was estimated using the Homeostasis Model for Insulin Resistance (HOMA-IR). Visceral and subcutaneous adiposity were measured by abdominal CT. Adherence to a Mediterranean diet pattern was calculated using the index developed by Trichopoulou. Subjects were compared using multivariate analysis adjusted for age and gender.
Introduction
Acute lymphoblastic leukemia (ALL) is the most common cancer of childhood. Between 1970 and 2006, the mortality rate for childhood leukemia dropped by over 60 % [1] . Today, the large majority of children with ALL are anticipated to become long-term survivors; among those diagnosed before age 15, current 5-year survival exceeds 88 % [1] . Nevertheless, for many patients, survivorship is accompanied by serious health problems [2] [3] [4] [5] [6] . A report from the Childhood Cancer Survivor Study found that by 30 years from their diagnosis, 73 % of pediatric cancer survivors will develop at least one chronic physical health condition, while in 42 %, the condition will be severe, life-threatening, disabling, or result in death [7] .
ALL survivors are at increased risk for obesity, insulin resistance, and increased visceral and subcutaneous adiposity [8] [9] [10] [11] [12] [13] . We have reported insulin resistance and derangements in the leptin-adiponectin system even among normal weight ALL survivors [11, 14] . Importantly, a history of cranial radiotherapy (CRT) increases the risk of obesity and insulin resistance in this population, but obesity and insulin resistance are found even among ALL survivors who did not receive CRT [11] .
The concept of the Mediterranean diet was first described in the 1950s, when the Seven Countries Study suggested that the long life expectancy, very low prevalence of heart disease, and low prevalence of certain cancers seen in the Greek island of Crete might be diet and lifestyle-related [15] . Subsequent investigation has found a reduction in coronary events [16, 17] , protection from obesity [18] [19] [20] , and prevention of insulin resistance and the metabolic syndrome [21] [22] [23] [24] [25] among subjects adherent to a Mediterranean-style diet, which includes a high intake of fruits and vegetables and low intake of meat. Whether diet may contribute to insulin resistance and increased adiposity in ALL survivors is not known.
Methods
A detailed description of the ALLIFE Study has been published elsewhere [11, 14, 26] . Briefly, 118 long-term survivors of childhood acute lymphoblastic leukemia (diagnosed between 1970 and 2000) were recruited from the Dallas area. Subjects were young (median age 23, range 18-37 years) and many years from ALL treatment (mean 17.5 years). At baseline, anthropometric measures, biochemical measures, abdominal-computed tomography (CT), full-body dualenergy X-ray absorptiometry scan (DXA), physical activity energy expenditure (PAEE), and the Harvard Food Frequency Questionnaire (FFQ) were completed. The anthropometric measures included the following: height, weight, waist circumference. Waist circumference was measured at the level of superior iliac crest to the nearest 0.1 cm. Body mass index (BMI) was defined as weight in kilograms divided by height in meters, squared. Blood pressure was measured using an automatic oscillometric device (Series #52,000, Welch Allyn, Inc., Arden, NC). Venous blood samples were taken after a 12-h overnight fast. Glucose was measured at the University of Texas Southwestern Medical Center GCRC Core Laboratory by the glucose oxidation methodology using an oxygen electrode. A commercial radioimmunoassay was used to measure insulin levels (Linco Research, Inc., St. Charles, MO) (intra-assay CV, 3.1 %; inter-assay CV, 6.0 %; detection limit, 2 lU/ml; sensitivity, 100 %). Insulin resistance was estimated using the homeostasis model for the assessment of insulin resistance (HOMA-IR) [27] . Subjects were categorized as being insulin resistant when HOMA-IR was equal to or more than 2.86 (above the 75th percentile for HOMA-IR derived from the Third National Health and Nutrition Examination Survey) [28] . Total cholesterol, LDL-C, HDL-C, and triglycerides were measured through the GCRC Core laboratory using the Beckman Synchron CX9ALX system (Beckman Coulter, Fullerton, CA) [29] [30] [31] . The Harvard FFQ is a well-validated and much studied assessment tool for measuring usual food intake over the previous year [32] [33] [34] . One subject who did not complete the FFQ questionnaire was excluded from this analysis.
Presence of the metabolic syndrome was defined by three or more of the following: triglycerides [150 mg/dl; systolic blood pressure C130 mmHg or diastolic blood pressure C85 mmHg; fasting blood glucose C100 mg/dl; waist circumference 102[ cm in men or [88 cm in women; HDL \40 mg/dl in men or\50 mg/dl in women [35] . CT scans of the abdomen were performed on all subjects using an electron beam CT scanner (Imatron; General Electric, Milwaukee, Wisconsin) [26] . Images were analyzed using specialized software (Tomovision, Montreal, Canada). A contiguous series of CT images between the L4-L5 and L3-L4 vertebral disc spaces were used to calculate the visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) mass. DXA (Lunar DPX scanner, MEC, Minster, Ohio) was used to calculate the total body fat mass and percent body fat. Physical activity energy expenditure (PAEE) was objectively measured with the SenseWear Pro2 Armband (BodyMedia, Pittsburgh, PA), a device that combines a biaxial accelerometer with sensors to detect heat flux, galvanic skin response, skin temperature, and near-body temperature [36, 37] . The SenseWear armband classifies activities (walking, running, resistance training, biking, riding in a car, resting) and applies algorithms to determine energy expenditure. In validation studies, physical activity and energy expenditure measures from the SenseWear armband compare favorably with those from other activity monitors, indirect calorimetry, and doubly labeled water [38] [39] [40] [41] . Participants wore the SenseWear armband on their upper right arm for seven consecutive days, removing it only for bathing and swimming. Custom channel algorithms for InnerView Research Software (version 4.0) were used to calculate physical activity duration (min/day) and energy expenditure (kcal/day and kcal/kg/day).
The Mediterranean diet is characterized by a high intake of fruits, vegetables, fish, and legumes, a low intake of meat and dairy products, and a moderate amount of alcohol. Additionally, meals are taken in a social setting. For this study, adherence to the Mediterranean diet pattern was calculated using a method described in 2003 by Trichopoulou [42] and used extensively in Mediterranean diet research [43] [44] [45] [46] [47] . Briefly, the diet is divided into positive components (fruits, vegetables, fish, cereals, legumes, olive oil, or a high ratio of monounsaturated to saturated fat) and negative components (meat and dairy). Median intake of each component is calculated. Subjects score points by being at or above the median intake of positive components and below the median intake of negative components. Subjects can score a single point for the intake of alcohol within a specified range (one to six drinks per day for men and to three drinks per day for women). Of note, this range of alcohol intake is the standard for calculating Mediterranean diet adherence and type of alcoholic beverage is not specified. As legume consumption was estimated with only two questions: consumption of ''tofu or soybeans,'' and consumption of ''peas or lima beans,'' in the FFQ, legumes were incorporated into vegetable consumption. Therefore, a subject who is adherent to a Mediterranean diet pattern on all components would score 8, while a subject who was non-adherent to a Mediterranean diet pattern on all components would score 0. Using this method, subjects within a population can be compared to one another as being more or less adherent to a Mediterranean diet, rather than to an external standard.
Medians, means, and standard deviations were calculated for dietary characteristics. As noted, median intake is used to calculate the Mediterranean Diet Score for each participant.
Other dietary characteristics (total kilocalorie intake/day, total fat intake/day) and Mediterranean Diet Scores were compared by gender and whether or not a subject had a history of treatment with CRT using Wilcoxon rank sum testing. The relationships between the Mediterranean Diet Score and anthropometric and metabolic outcomes were tested using univariate followed by multivariate regression analysis. Variables tested, with p less than 0.05 considered significant, included physical activity energy expenditure (PAEE), demographic variables (age, age at treatment, gender, race/ethnicity, education), and other treatment variables (dexamethasone, anthracyclines, and others). Finally, analyses were performed with all subjects combined and then by separating subjects based on gender and whether or not a subject had a history of treatment with CRT.
To further investigate the effect of increasing adherence to a Mediterranean diet pattern, logistic regression was used to calculate odds ratios. Subjects were grouped by Mediterranean Diet Score (0-3, 4-5, or 6-8). Subjects in the least adherent group (score 0-3) were considered a reference group. Multivariate logistic regression, including adjustment for age and gender, was used to test the odds of having a specific metabolic or anthropometric abnormality by Mediterranean Diet Score group (4-5 or 6-8). Comprehensive model testing was performed to check for other significant demographic or treatment variables, with a p less than 0.05 considered significant. Variables tested in this way included physical activity energy expenditure (PAEE), other demographic variables (age, age at diagnosis, race/ethnicity, education), and other treatment variables (dexamethasone, anthracyclines, and others). A multivariate linear regression model including age, gender, and the Mediterranean Diet Score was used to calculate the p for trend for each metabolic or anthropometric abnormality by Mediterranean Diet Score. All calculations were completed with STATA (College Station, TX). All subjects provided written informed consent, and the study was approved by the institutional review boards at The University of Texas Southwestern Medical Center and the Cooper Institute.
Results
The majority (56 %) of subjects was female; 25 % were of minority race or Hispanic. A history of CRT was present in 15 (29 %) men and 25 (38 %) women (Table 1) The average body mass index (BMI) among all men was 26.6 and 27.5 kg/m 2 among all women. Total reported caloric intake varied widely but averaged 1,872 kcal/day [standard deviation (SD), 1,115] among men and 1,562 kcal/day (SD 852) among women (p = 0.02). Further, mean total fat intake was 68 g/day among men and 55.4 g/day among women (p = 0.05). Subjects with a history of CRT had higher total body fat, waist circumference, and body mass index, and lower lean body mass, yet the reported dietary intake did not differ by the history of treatment with CRT (Table 2 ). Alcohol intake was low overall; mean intake among men over the age of 21 was one glass per day and among women over the age of 21 years was one glass per week. Interestingly, many subjects ([25 %) reported no alcohol intake at all. No subject achieved a Mediterranean Diet Score of 8. The mean (standard deviation) Mediterranean Diet Score among women was 4.5 (1.6) and among men was 3.9 (1.8); p = 0.09 for difference between genders ( Table 2) .
As expected, the odds of having the metabolic syndrome were increased by male gender (OR 5.3; 95 % CI 1.8, 15.8; p = 0.003) and with higher BMI (OR for each one-point increase in BMI 1.1; 95 % CI 1.0, 1.2; p = 0.005). Other demographic and treatment variables were not significantly associated with the anthropometric or metabolic outcomes.
Among all subjects, multivariate regression adjusted for age and gender revealed that greater adherence to a Mediterranean diet pattern was associated with lower visceral adiposity (b = -0.3; p = 0.007) and subcutaneous adiposity (b = -0.11; p \ 0.001), smaller waist circumference (b = -2.17; p = 0.005), and lower body mass index (b = -1.05; p = 0.004). When the Mediterranean Diet Score was individually adjusted for daily total caloric intake, results did not change direction or differ in strength (data not shown).
The relationships between the Mediterranean diet and components of the metabolic syndrome were evaluated. With higher Mediterranean Diet Score, average systolic and diastolic blood pressure were lower (adjusted for age and gender; p = 0.008 and 0.003, respectively; Fig. 1 ). Additionally, better adherence to the Mediterranean diet was associated with a lower odds of having a waist circumference greater than 88 cm for women or 102 cm for men; multivariate odds ratio in the healthiest diet group was 0.2 (adjusted for age and gender; 95 % CI 0.1, 0.7; p for trend = 0.003; Table 3 ) when compared to the lower two groups. Among those eating the most Mediterraneanstyle diet (Mediterranean Diet Score 6-8), compared to those eating the least Mediterranean-style diet (Mediterranean Diet Score 0-3), the odds ratio for the presence of the metabolic syndrome was 0.1 (adjusted for age and gender; 95 % CI 0.01, 0.9; p = 0.004; Table 3 ). For each point higher on the Mediterranean Diet Score, the odds of having the metabolic syndrome fell by 31 % (OR 0.69, for each point higher on the Mediterranean Diet Score, adjusted for age and gender (95 % CI 0.50, 0.94; p = 0.019). Higher dairy intake was associated with higher HOMA-IR [insulin resistance, (b = -1.06; p = 0.029); adjusted for age and gender], but other individual components of the Mediterranean diet, such as low intake of meat, moderate intake of alcohol, or high intake of fruits and vegetables, when tested individually, were not significantly associated with any anthropometric or metabolic outcome.
Although we tested extensively for an effect of physical activity on metabolic and anthropometric outcomes in this population of ALL survivors, we did not find substantial associations. Importantly, higher physical activity energy expenditure (PAEE) was associated with lower percent body fat (b = -0.007; p \ 0.001). But, PAEE was not associated with lower body mass index, smaller waist circumference, less insulin resistance, or the presence or absence of the metabolic syndrome. PAEE was not independently associated with metabolic or anthropometric outcomes in the multivariate model that included gender and age. Furthermore, inclusion of PAEE in the individual logistic regression models of dietary intake and metabolic parameters did not alter our findings.
Conclusions
In this study of 117 young adult survivors of childhood ALL, greater adherence to a Mediterranean diet pattern Dexamethasone, n (%) 13 (11 %) 4 (8 %) 9 (14 %) Table 2 Insulin resistance, anthropometric measurements, and reported dietary intake among 117 survivors of childhood leukemia, by gender and history of treatment with cranial radiotherapy was associated with improved anthropometric and metabolic measures. While no single subject reported complete adherence to the Mediterranean diet (characterized by high intake of fruits, vegetables, fish, cereals, and legumes, modest intake of alcohol, and low intake of meat and dairy), subjects whose reported intake was more consistent with a Mediterranean diet pattern had lower body mass index, a decreased risk of the metabolic syndrome, and lower measures of visceral and subcutaneous adiposity. Importantly, for this population, changes of a single point in the Mediterranean Diet Score were relevant. In other words, differences such as an additional 0.5 serving of Fig. 1 The relationships between adherence to a Mediterranean diet, measured by the Mediterranean Diet Score, and characteristics of obesity and the metabolic syndrome among 117 survivors of childhood leukemia. *p adjusted for age and gender for each comparison. Note higher Mediterranean diet score corresponds to better adherence to the Mediterranean diet. Data are presented as means. dl deciliter, HOMA-IR homeostasis model of insulin resistance, kcal kilocalories, kg kilogram, m meter, mmHg millimeters of mercury Table 3 The relationship between adherence to a Mediterranean diet, measured by the Mediterranean Diet Score, and characteristics of obesity and the metabolic syndrome among 117 survivors of childhood leukemia, using logistic regression to calculate odds ratios ( a Presence of the metabolic syndrome was defined by three or more of the following: triglycerides [150 mg/dl; systolic blood pressure C130 mmHg or diastolic blood pressure C85 mmHg; fasting blood glucose C100 mg/dl; waist circumference [102 cm in men or [88 cm in women; HDL \40 mg/dl in men or \50 mg/dl in women [35] b HOMA-IR homeostasis model of insulin resistance; subjects were categorized as being insulin resistant when HOMA-IR was equal to or more than 2.86 (above the 75th percentile for HOMA-IR derived from the Third National Health and Nutrition Examination Survey) [28] c Odds ratios were adjusted for age and gender cm centimeter, dl deciliter, mg milligram, mmHg millimeters of mercury vegetables per day, or one more serving of fish per week, were associated with significantly improved body mass index, adiposity, and blood pressure, and lower risk of the metabolic syndrome. ALL is the most common cancer of childhood and accounts for a large proportion of current survivors. This population has been shown repeatedly to be at increased risk for insulin resistance, the metabolic syndrome, derangements of leptin and adiponectin, and cardiovascular death [3, 10, 11, 14] . Treatment factors, especially a history of CRT, appear to be particularly relevant to the metabolic derangements, but insulin resistance has been described even among normal weight individuals or after adjustment for body mass index [10, 11] . One prior evaluation of adult lymphoblastic leukemia (ALL) survivors, reporting from the Childhood Cancer Survivor Study (CCSS), reported that survivors were unlikely to follow dietary recommendations [48] . In that analysis, the diets of 72 ALL survivors from the CCSS were compared with the 2007 World Cancer Research Fund/American Institute for Cancer Research Cancer Prevention recommendations, the Dietary Approaches to Stop Hypertension (DASH) diet, and the 2005 United States Department of Agriculture Food Guide. Fruit and vegetable consumption was typically adequate, but otherwise subjects were not adherent to any of the dietary guidelines. Importantly, this study did not find an association between compliance with a recommended diet and body mass index or waist circumference, and associations between diet and the metabolic syndrome were not evaluated. Therefore, whether differences in dietary intake might be relevant to metabolic and anthropometric abnormalities in the ALL survivor population has not been previously reported.
Interestingly, while diet did not differ substantially between men and women or between those with a history of CRT and those without, better adherence to a Mediterranean diet pattern was associated with lower visceral and subcutaneous adiposity as well as a lower risk of the metabolic syndrome in this study, even after adjustment for age, gender, physical activity, and total caloric intake, and despite the fact that subjects were not eating a low-calorie or a lowfat diet. These findings suggest that while body weight is important, ALL survivors who eat more fruits, vegetables, grains, and fish, and less meat and dairy may benefit metabolically even if they do not lose weight, and regardless of their treatment history. Our results are supported by work in the non-cancer population; a meta-analysis of more than 10,000 subjects reported that adherence to a Mediterranean diet was associated with a significantly lower risk of the metabolic syndrome (log-hazard ratio, -0.69; 95 % CI -1.24, -1.16) [23] . Other studies suggest that when calorierestricted, the Mediterranean diet may be effective for weight loss [49] .
As noted, we did not find a strong effect of physical activity on metabolic or anthropometric outcomes, apart from waist circumference, in this study of ALL survivors. Nonetheless, physical activity remains an important component of health recommendations for this population. A recent report from the CCSS states that the risk of obesity was decreased among survivors who met guidelines for physical activity [50] ; while ALL survivors were not presented separately in that manuscript, increasing physical activity is likely to be beneficial in this subpopulation.
While our findings are important given the lack of literature in this area and its relevance to the cancer survivor community, this study does have some limitations. Importantly, diet was self-reported (via the Harvard Food Frequency Questionnaire (FFQ)) rather than directly measured, and subjects may have underreported caloric intake (1,872 kcal/day among men and 1,562 kcal/day among women). Nonetheless, dietary reporting is not likely subject to differential reporting by variables such as blood pressure or cancer treatment history. Prior studies have found that most subjects report diet relatively accurately, with underreporting of caloric intake in both obese and non-obese subjects [51, 52] . Furthermore, the Harvard FFQ has been used extensively in dietary research and is considered reliable and reproducible [32, 33] . Also of note, adjustment for total caloric intake did not change the impact of adherence to the Mediterranean diet on metabolic or anthropometric outcomes. Another limitation is that this study did not include a non-cancer (control) population. Future studies of the effect of diet on metabolic and anthropometric parameters in the ALL survivor population could address this comparison. Finally, while this study remains the largest dietary study to date in the ALL survivor population [48] , sample size limitations did preclude some analyses.
In conclusion, in this cross-sectional study of adult survivors of childhood leukemia, subjects who reported a more Mediterranean style diet had lower body mass index, lower levels of body fat, and a lower risk of the metabolic syndrome. Although further research is needed, these findings suggest that leukemia survivors should consider adopting the Mediterranean diet, including higher intake of fruits and vegetables and lower intake of meat and dairy.
